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:DVLVWGLHHIIHNWLYH/HXFKWGLFKWHRGHUHIIHNWLYH
)OlFKHYRQ VWUXNWXULHUWHQ /('/HXFKWHQ EHL GHU
%OHQGXQJVEHZHUWXQJPLW8*5"
)XQNH&6FKLHU]&K
78,OPHQDX)DFKJHELHW/LFKWWHFKQLN3URI6FKPLGW6WU,OPHQDX'
3UREOHPVWHOOXQJXQG)RUVFKXQJVIUDJHQ
,QGHU,QQHQEHOHXFKWXQJKDWVLFKGDV8QLILHG*ODUH5DWLQJ9HUIDKUHQ8*59HUIDKUHQ]XU
%HZHUWXQJGHUSV\FKRORJLVFKHQ%OHQGXQJGXUFKJHVHW]W6WUXNWXULHUWH/('/HXFKWHQN|Q
QHQMHGRFKQLFKWPLWGHP8*59HUIDKUHQEHZHUWHWZHUGHQGDVLFKGLH%HVWLPPXQJGHU
OHXFKWHQGHQ)OlFKHLQGHU3UD[LVVFKZLHULJJHVWDOWHW
6WDQGGHU:LVVHQVFKDIW7HFKQLN
'LH&,(6FKULIW]XP8*59HUIDKUHQVFKOlJWYHUVFKLHGHQHIHVWH/HXFKWGLFKWHVFKZHO
OHQ]XU%HVWLPPXQJGHUOHXFKWHQGHQ)OlFKHYRQ/HXFKWVWRIIODPSHQOHXFKWHQYRU(EHQIDOOV
IUGHUDUWLJH/HXFKWHQZXUGHYRQ:2/)>YJO/L7*3XEOLNDWLRQ'LVVHUWDWLRQ6
:ROI@HLQDGDSWLYHV9HUIDKUHQEDVLHUHQGDXIGHU/HXFKWGLFKWHYHUWHLOXQJLP5DXP
YRUJHVFKODJHQ)U/('/HXFKWHQH[LVWLHUWELVKHUNHLQH6FKZHOOHQGHILQLWLRQ9RQ+$5$
>+DUDDXI&,(7DJXQJ@ZXUGHQIU/('/HXFKWHQHLQ.RUUHNWXUIDNWRU]XU%HVWLP
PXQJGHUHIIHNWLYHQ/HXFKWGLFKWHYRUJHVWHOOW'DVHPSLULVFKH0RGHOOGDIUPXVVQRFKYD
OLGLHUWZHUGHQ
)RUVFKXQJVK\SRWKHVHQ
x =XU%HUHFKQXQJGHUHIIHNWLY OHXFKWHQGHQ)OlFKHEHL/('/HXFKWHQPXVVGDV/HXFKW
GLFKWHELOGGHU$XIO|VXQJGHV$XJHVXQGGHU UH]HSWLYHQ)HOGHUDQJHSDVVWZHUGHQGD
GLHÄZDKUJHQRPPHQH³$XIO|VXQJEHL%OHQGXQJGXUFK/('VHLQHZLFKWLJH5ROOHVSLHOW
x 'HU .RUUHNWXUIDNWRU QDFK +$5$ XQG GDV RSWLPLHUWH 9HUIDKUHQ ]XU %HVWLPPXQJ GHU
OHXFKWHQGHQ)OlFKH VLQG JHHLJQHW ]XU%OHQGXQJVEHZHUWXQJ YRQ /('/HXFKWHQ LQ ,Q
QHQUlXPHQ
9HUVXFKVDXIEDX
'LH9HUVXFKHIDQGHQLQHLQHPEURlKQOLFKHQ5DXPPLWHLQHUYDULDEOHQ%OHQGTXHOOHVWDWW
YJO>)XQNHDXI/LFKWXQG&,(7DJXQJ@'DEHLEHXUWHLOWHQMHZHLOV3UREDQ
GHQGLHSV\FKRORJLVFKH%OHQGXQJEHLYHUVFKLHGHQHQ+LQWHUJUXQGOHXFKWGLFKWHQ
FGPð%OHQGZLQNHOQELVXQG/HXFKWGLFKWHVWUXNWXUHQ/PD[/PLQ ELV,QV
JHVDPWZXUGHQ%OHQGXUWHLOHDEJHJHEHQ
(UJHEQLVVHLP9HUJOHLFKPLWELVKHULJHQ(UJHEQLVVHQ
,P:HVHQWOLFKHQNRQQWHQGLHEHLGHQ)RUVFKXQJVK\SRWKHVHQEHVWlWLJWZHUGHQ'DUEHU
KLQDXVNRQQWHLQhEHUHLQVWLPPXQJPLWDQGHUHQ:LVVHQVFKDIWOHUQIHVWJHVWHOOWZHUGHQGDVV
GLH/HXFKWGLFKWHVWUXNWXU]ZDUEHUHLWVEHL%OHQGZLQNHOHLQHQJHULQJHQ(LQIOXVVDXI
GDV6W|UHPSILQGHQKDWEHVRQGHUVGHXWOLFKZLUGGHU(IIHNWDEHUHUVWEHL:HLWHUKLQZXU
GHIHVWJHVWHOOWGDVVGHU$EVWDQGGHU/('VNHLQHQ(LQIOXVVDXIGDV%OHQGHPSILQGHQKDW
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:KDWLVWKHHIIHFWLYHOXPLQDQFHRUHIIHFWLYH
DUHD RIQRQXQLIRUP/('OXPLQDLUHV
IRUGLVFRPIRUWJODUHUDWLQJZLWK8*5"
)XQNH&6FKLHU]&K
78,OPHQDX/LJKWLQJ(QJLQHHULQJ*URXS3URI6FKPLGW6WU,OPHQDX'
5HVHDUFKLVVXH
,QLQGRRUOLJKWLQJWKH8QLILHG*ODUH5DWLQJ8*5KDVEHHQVWDQGDUGL]HGIRUWKHDVVHVV
PHQWRIGLVFRPIRUWJODUH,QIDFWQRQXQLIRUP/('OXPLQDLUHVFDQQRWEHUDWHGZLWK8*5DV
LWLVGLIILFXOWWRGHWHUPLQHWKHOXPLQRXVDUHDLQSUDFWLFH
6WDWHRIVFLHQFHWHFKQRORJ\
,Q&,(UHSRUWRQ8*5VHYHUDOIL[HGOXPLQDQFHWKUHVKROGVIRUWKHGHWHUPLQDWLRQRIWKH
OXPLQRXVDUHDRIIOXRUHVFHQWODPSVDUHVXJJHVWHG$OWHUQDWLYHO\DQDGDSWLYHPHWKRGIRU
WKHHVWLPDWLRQRIOXPLQDQFHWKUHVKROGVEDVHGRQWKHOXPLQDQFHGLVWULEXWLRQLQWKHURRP
ZDVSURSRVHGE\:2/)>VHH/L7*SXEOLFDWLRQ'LVVHUWDWLRQ6:ROI@,QFRQ
WUDVWIRUQRQXQLIRUP/('OXPLQDLUHVDGHILQHGOXPLQDQFHWKUHVKROGGRHVQRWH[LVW
+RZHYHU+$5$>+DUDRQ&,(FRQIHUHQFH@SUHVHQWHGDFRUUHFWLRQIDFWRUPRGHOWR
FDOFXODWHWKHHIIHFWLYHOXPLQDQFHRIQRQXQLIRUP/('OXPLQDLUHV,QIDFWWKHXQGHUO\LQJ
HPSLULFDOPRGHOVWLOOQHHGVWREHYDOLGDWHG
5HVHDUFKK\SRWKHVHV
x ,QRUGHUWRFDOFXODWHWKHHIIHFWLYHOXPLQRXVDUHDRI/('OXPLQDLUHVWKHOXPLQDQFHSLF
WXUHKDV WREHDGDSWHGGXH WR WKH UHVROXWLRQRI WKHH\HDQG WKH UHFHSWLYH ILHOGVEH
FDXVHWKHµSHUFHLYHG¶UHVROXWLRQKDVDQLPSRUWDQWLPSDFWRQGLVFRPIRUWJODUH
x 7KHFRUUHFWLRQIDFWRUDFFRUGLQJWR+$5$DQGWKHRSWLPLVHGSURFHGXUHIRUWKHGHWHUPL
QDWLRQRI WKH OXPLQRXVDUHDDUHERWKVXLWDEOH IRUGLVFRPIRUWJODUH UDWLQJRI/(' OXPL
QDLUHVLQLQGRRUHQYLURQPHQWV
([SHULPHQWDOVHWXS
7KHH[SHULPHQWVZHUHFRQGXFWHGLQDQRIILFHOLNHURRPZLWKDYDULDEOHJODUHVRXUFHVHH
>)XQNHDW/LFKWDQG&,(FRQIHUHQFH@:LWKLQWKHWHVWVVXEMHFWVUDWHGGLV
FRPIRUWJODUHDWYDULRXVEDFNJURXQGOXPLQDQFHVWRFGPðJODUHDQJOHVWR
DQGOXPLQRXVSDWWHUQV/PD[/PLQ WR$OOLQDOOJODUHDVVHVVPHQWVKDV
EHHQWDNHQ
5HVXOWVLQFRPSDULVRQZLWKSUHYLRXVILQGLQJV
%DVLFDOO\ERWKUHVHDUFKK\SRWKHVHVFRXOGEHYHULILHG0RUHRYHULQDJUHHPHQWZLWKRWKHU
VFLHQWLVWVZHREVHUYHGWKDWWKHOXPLQRXVSDWWHUQDOUHDG\KDGDVPDOOLPSDFWRQSHU
FHLYHGJODUHEXWWKHHIIHFWZDVFRQVLGHUDEO\KLJKDWGLUHFWYLHZLQWRWKHOXPLQDLUH)XU
WKHUPRUHWKHGLVWDQFHRI/('VLQVLGHWKHOXPLQDLUHKDGQRVLJQLILFDQWHIIHFWRQGLVFRPIRUW
JODUHLQWKLVVWXG\
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

)XQNH&6FKLHU]&K
78,OPHQDX/LJKWLQJ(QJLQHHULQJ*URXS3URI6FKPLGW6WU,OPHQDX'
$EVWUDFW
6LQFH /(' OLJKW VSRWV XVXDOO\ DUH VPDOOHU WKDQ VU IRU W\SLFDO LQGRRU GLVWDQFHV
OXPLQDLUHVZLWKYLVLEOH/('FDQQRWEHUDWHGZLWK8QLILHG*ODUH5DWLQJ8*5 ,QRUGHU WR
GHWHUPLQH WKH LPSDFW RI WKH OXPLQRXV VWUXFWXUH RI WKH JODUH VRXUFH RQ WKH VXEMHFWLYH
GLVFRPIRUWDSSUDLVDOZHFRQGXFWHGDSV\FKRPHWULFVWXG\ ,QWKLVVWXG\ LWFRXOGEHIRXQG
WKDW WKH OXPLQRXV VWUXFWXUH RI QRQXQLIRUP OXPLQDLUHV KDV DQ LPSDFW RQ WKH VXEMHFWLYH
GLVFRPIRUWDSSUDLVDO(VSHFLDOO\WKHOXPLQDQFHRIWKHUHODWLYHO\GDUNSDUWVRIWKHOXPLQDLUH
DIIHFWV WKH VXEMHFWLYH GLVFRPIRUW DVVHVVPHQW DQG WKH DYHUDJH OXPLQDQFH RI WKH JODUH
VRXUFH%DVLFDOO\ERWKWKHHIIHFWLYHOXPLQRXVDUHDDQGWKHHIIHFWLYHOXPLQDQFHPHWKRGDUH
VXLWDEOHWRDVVHVVGLVFRPIRUWJODUHRIQRQXQLIRUP/('OXPLQDLUHV
 ,QWURGXFWLRQ
,QLQGRRUOLJKWLQJDSSOLFDWLRQVWKH8*5PHWKRGKDVEHHQVWDQGDUGLVHGIRUWKHDVVHVVPHQW
RIGLVFRPIRUWJODUH,WKDVEHHQGHYHORSHGIRUJODUHVRXUFHVL]HVUDQJLQJIURPVUWR
VU>@,QWKH8*5IRUPXODWKHPDLQLPSDFWVRQGLVFRPIRUWDUHWKHQXPEHURIJODUH
VRXUFHV Q WKH DYHUDJH OXPLQDQFH RI JODUH VRXUFHV /V WKH SURMHFWHG VROLG DQJOH RI WKH
JODUHVRXUFHΩVWKHSRVLWLRQLQGH[3DQGWKHEDFNJURXQGOXPLQDQFH/E



+RZHYHU OXPLQDLUHV ZLWK YLVLEOH /('V FDQQRW EH UDWHG ZLWK 8*5 )RU QRQXQLIRUP
OXPLQDLUHVLWLVGLIILFXOWWRGHILQHWKHDYHUDJHOXPLQDQFHDQGWKHSURMHFWHGVROLGDQJOHRIWKH
JODUHVRXUFH,VLWSRVVLEOHWRDYHUDJHWKHZKROHJHRPHWULFVXUIDFHRIWKHOXPLQDLUHRUGR
RQO\ WKH/(' OLJKW VSRWV KDYH WREH WDNHQ LQWRDFFRXQW" ,I RQO\ WKH/(' OLJKW VSRWV DUH
DVVHVVHGDVWKHJODUHVRXUFHWKHUHVXOWLQJ8*5YDOXHVWURQJO\GHSHQGVRQWKHUHVROXWLRQ
RI WKHPHDVXULQJGHYLFH%HVLGHVVLQFH/('OLJKWVRXUFHVDUHYHU\VPDOODQGKDYHKLJK
OXPLQDQFH OHYHOVDYDULDWLRQRI WKHHIIHFWLYHJODUHVSRWVL]H UHVXOWV LQGLIIHUHQW YDOXHVRI
 DQGWKHUHIRUHGLIIHUHQW8*5YDOXHV
 ,QYHVWLJDWLRQPHWKRG
,Q RUGHU WR GHWHUPLQH WKH LPSDFW RI WKH OXPLQRXV VWUXFWXUH RI WKH JODUH VRXUFH RQ WKH
VXEMHFWLYH GLVFRPIRUW DSSUDLVDO ZH FRQGXFWHG D SV\FKRPHWULF VWXG\ EDVHG RQ WKH
IROORZLQJUHVHDUFKK\SRWKHVHV
 ,Q RUGHU WR FDOFXODWH WKH HIIHFWLYH OXPLQRXV DUHD RI /(' OXPLQDLUHV WKH OXPLQDQFH
SLFWXUH KDV WR EH DGDSWHG GXH WR WKH UHVROXWLRQ RI WKH H\H DQG WKH UHFHSWLYH ILHOGV
EHFDXVHWKH‘perceived’UHVROXWLRQKDVDQLPSRUWDQWLPSDFWRQGLVFRPIRUWJODUH

:KDWLVWKHHIIHFWLYHOXPLQDQFHRUHIIHFWLYHDUHD
RI

QRQXQLIRUP /('OXPLQDLUHV LQ GLVFRPIRUW JODUH
UDWLQJZLWK8*5"
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

x 7KH FRUUHFWLRQ IDFWRU DFFRUGLQJ WR +$5$ DQG WKH RSWLPLVHG SURFHGXUH IRU WKH
GHWHUPLQDWLRQRIWKHOXPLQRXVDUHDDUHERWKVXLWDEOHIRUGLVFRPIRUWJODUHUDWLQJRI/('
OXPLQDLUHVLQLQGRRUHQYLURQPHQWV
)RU WKLV VWXG\ ZH GHVLJQHG D IXOOVFDOH WHVW URRP ZLWK D P[P UHFHVVHG JODUH
VRXUFHLQWKHFHLOLQJZKLFKFRXOGEHYDULHGLQWKHOXPLQDQFHDQGWKHOXPLQRXVIOX[RIWKH
YLVLEOH/('WKHQXPEHUDQGGLVWDQFHRIWKHYLVLEOH/('WKHOXPLQDQFHRIWKHLPPHGLDWH
YLFLQLW\RI WKH/('DQG WKHVL]HRI WKHKRPRJHQHRXV OLJKWLQJ LPPHGLDWHYLFLQLW\)RU WKH
YDULDWLRQ RI WKH DVSHFWV DERYH ZH KDYH FKRVHQ D OD\RXW ZKLFK ZDV DGDSWHG IURP
(EHUEDFK>@VHHILJXUH%\FRPSDULQJWKHUHVXOWVRIVHULHVDQGLWLVSRVVLEOHWRWHVW
WKHVXPPDWLRQRI/('OLJKWVRXUFHVIRUGLVFRPIRUWJODUH3DWWHUQQXPEHUUHSUHVHQWVWKH
XQLIRUP JODUH VRXUFH DW GLIIHUHQW OXPLQDQFH OHYHOV 7KH FRPSDULVRQ RI WKH UHVXOWVZLWKLQ
VHULHVVKRZVWKH LPSDFWRI WKH/('VSRWGLVWDQFH LQVLGHD OXPLQDLUH%\PHDQVRI WKH
IRXUWK VHULHV WKH LQIOXHQFH RI WKH KRPRJHQHRXV OLJKWLQJ LPPHGLDWH YLFLQLW\ VKDOO EH
LQYHVWLJDWHG

)LJXUH/XPLQDQFHSDWWHUQVRIWKHJODUHVRXUFHVRUWHGLQIRXUVHULHV7KHVKDGHGDUHDVUHSUHVHQWWKH
³GDUNHU´SDUWVDQGWKHZKLWHRQHVWKH³EULJKW´SDUWVRIWKHJODUHVRXUFH
7KHVWXG\ZDVFRQGXFWHG LQDQRIILFHOLNH WHVW URRP VHH ILJXUHZKLFKZDVHTXLSSHG
FRORXUQHXWUDO ,Q WKH FHLOLQJ RI WKH URRP WKH YDULDEOH JODUH VRXUFH ZDV LQVWDOOHG
$GGLWLRQDOO\QLQHDPELHQWOLJKWVRXUFHVZHUHLQVWDOOHGLQRUGHUWRPDLQWDLQDIL[HGDPELHQW
OXPLQDQFH ZKHQ WKH JODUH VRXUFH ZDV YDULHG $OO OXPLQDLUHV KDG D FRUUHODWHG FRORXU
WHPSHUDWXUHEHWZHHQ.DQG.(DFKRIWKHWZHOYHSDWWHUQVVHHILJXUHZDV
SUHVHQWHGZLWKYDULRXVOXPLQDQFHVIRUWKH³EULJKW´DQGWKH³GDUN´SDUWVRIWKHJODUHVRXUFH
DOWRJHWKHU OLJKWVLWXDWLRQV(DFK OLJKWVLWXDWLRQZDVSUHVHQWHGDWVHYHQGLIIHUHQW WDVNV
DQGYLHZLQJGLUHFWLRQVVHHILJXUHDQGWDEOH7KHPDLQYLVXDOWDVNGXULQJWKHWHVWZDV
D FRQFHQWUDWLRQ SHUIRUPDQFH WHVW &37ZKLFKZDVSUHVHQWHGRQD FRPSXWHU VFUHHQ LQ
IURQW RI WKH VXEMHFW ,Q DGGLWLRQ WR WKH YLVXDO &37 DQ DXUDO &37 ZDV GRQH $IWHU 
VHFRQGVWRFRPSOHWHWKHWDVNWKHVXEMHFWVWDWHGWKHFDOFXODWLRQUHVXOWDQGKLVGLVFRPIRUW
JODUHUDWLQJ ,QRUGHUWRFRQVLGHU WKHWDVNGLIILFXOW\DOVRDQHDV\WDVNSRLQW IL[DWLRQZDV
SUHVHQWHG 7DVN DQG WDVN  ZHUH UHSHDWHG RQFH DIWHU VL[ PRQWKV WR FKHFN WKH
UHSHDWDELOLW\RIWKHJODUHHVWLPDWLRQV7KHVXEMHFWLYHGLVFRPIRUWDVVHVVPHQWZDVGRQHE\
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

WKH PXOWLSOH FULWHULRQ 6|OOQHU VFDOH ,Q WRWDO  JODUH DVVHVVPHQWV KDYH EHHQ
SHUIRUPHG
Ϯ͘ϴϬŵ

)LJXUH3RVLWLRQRIWKHWHVWSHUVRQLQWKHWHVWURRP7KHQXPEHUVWRUHSUHVHQWGLIIHUHQWWDVNVDQG
YLHZLQJGLUHFWLRQV
(DFK WDVN ZDV SHUIRUPHG E\  VXEMHFWV  ZRPHQ  PHQ 7KHUHIURP IRXU ZHUH
HPSOR\HHVRIWKHOLJKWLQJHQJLQHHULQJJURXSDWWKH78,OPHQDX7KHRWKHUVXEMHFWVKDG
QRH[SHULHQFHLQOLJKWLQJDQGZHUHDJHGEHWZHHQDQG\HDUVPHDQ\HDUV$OO
WHVWSHUVRQVKDGDPLQLPXPYLVXDODFXLW\RIIRUQHDUDQGIDUGLVWDQFHV(LJKWVXEMHFWV
XVHGFRQWDFWOHQVHVGXULQJWKHWHVW

7DEOH/LVWRIWDVNVYLHZLQJGLUHFWLRQVDQGDPELHQWOXPLQDQFHV
7DVN
QXPEHU 7DVN
WLPHIRU
WDVN
șDQJOHWR
JODUHVRXUFH
%DFNJURXQG
OXPLQDQFH/E
 &37 V  FGPð
 &37 V  FGPð
 $XUDO&37 V IUHHYLHZ FGPð
 &37 V  FGPð
 &37 V  FGPð
 3RLQWIL[DWLRQ V  FGPð
 6KRUWJD]HLQJODUHVRXUFH V  FGPð
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 5HVXOWV
,QSUHYLRXVSXEOLFDWLRQV IURP WKHDXWKRUV >@ LWZDVVKRZQ WKDW WKH/('SLWFKKDVQR
LQIOXHQFHRQGLVFRPIRUWJODUHDQG WKDW WKH OXPLQRXVDUHDRI/('VFDQEHDJJUHJDWHGE\
PHDQVRIJODUHSHUFHSWLRQ7KLVZDVREVHUYHG IRUDOORI WKH LQYHVWLJDWHGYLHZLQJDQJOHV
WDVNVDQGEDFNJURXQGOXPLQDQFHV2QWKHRWKHUKDQGWKHVXUURXQGLQJEDFNJURXQGRIWKH
/('OXPLQDLUHKDVDQHJDWLYHLQIOXHQFHRQGLVFRPIRUWJODUHUDWLQJVHYHQDWORZOXPLQDQFH
OHYHOV ,Q WKLV VWXG\ ZH ZRXOG OLNH WR SUHVHQW WZR SRVVLEOH PHWKRGV WR KDQGOH QRQ
XQLIRUPLW\ RI JODUH VRXUFHV WKHHIIHFWLYH OXPLQRXV DUHD DQG WKHHIIHFWLYH OXPLQDQFH
7KH ILUVW PHWKRG LV DQ LPSURYHPHQW RI WKH OXPLQRXV HOHPHQW GHWHFWLRQ SURFHGXUH
SXEOLVKHG LQ >@ ,Q WKHVHFRQGPHWKRG LQVWHDGRIDVFHUWDLQLQJWKHHIIHFWLYHJODUHVRXUFH
VL]HWKHHIIHFWLYHOXPLQDQFHLVHVWLPDWHGE\FRUUHFWLQJWKHDYHUDJHOXPLQDQFHRIWKHJODUH
VRXUFH7KLVDSSURDFKLVPDLQO\SURPRWHGE\+$5$>@
 'HWHUPLQDWLRQRIHIIHFWLYHOXPLQRXVDUHDRIWKHJODUHVRXUFH
7KH&,(UHSRUWQR>SII@SURSRVHVGLIIHUHQWPHWKRGVWRGHWHUPLQHWKHOXPLQRXV
SDUWRIWKHOXPLQDLUH)RUH[DPSOHLQIOXRUHVFHQWODPSV¶DSSOLFDWLRQVLIWKHOXPLQDQFHRID
OXPLQRXVHOHPHQW LVKLJKHUWKDQFGPðWKHHOHPHQW LVFRQVLGHUHGDVDJODUHVRXUFH
)RUQRQXQLIRUP/('OXPLQDLUHVWKHUHLVQRLQIRUPDWLRQSURYLGHG,QRXUVWXG\ZHWHVWHG
WKH FGPð GHILQLWLRQ DERYH DV ZHOO DV WKH OXPLQRXV HOHPHQW GHWHFWLRQ PHWKRG
SURSRVHGE\:2/)>@+HFDOFXODWHVDQDGDSWLYHOXPLQDQFHWKUHVKROGIURPDOOOXPLQDQFH
SL[HOV LQVLGH D URRP LQ RUGHU WR GHWHUPLQH WKH OXPLQRXV SDUWV RI WKH OXPLQDLUH ,Q WKH
SUHVHQWVWXG\ZHPHDVXUHGWKHOXPLQDQFHGLVWULEXWLRQIURPWKHVXEMHFW¶VSRVLWLRQZLWKWZR
LPDJLQJOXPLQDQFHPHDVXUHPHQWGHYLFHV,/0'ERWKZLWKDUHVROXWLRQRIPHJDSL[HO
EXWRQHHTXLSSHGZLWKILVKH\HOHQVDQGWKHRWKHUZLWKPPOHQVLQRUGHUWRJHWDKLJK
UHVROXWLRQRIWKHJODUHVRXUFHOXPLQDQFHYDOXHVVHHILJXUHDQG
)LJXUH/XPLQDQFHSLFWXUHRIJODUHVRXUFH )LJXUH/XPLQDQFHSLFWXUHRIWHVWURRP
,QDGGLWLRQWR>@EHIRUHFDOFXODWLQJOXPLQDQFHWKUHVKROGVRU8*5YDOXHVZHWUDQVIRUPHG
WKH KLJK UHVROXWLRQ LPDJH RI WKH JODUH VRXUFH LQWR WKH µDSSURSULDWH¶ UHVROXWLRQ 7KLV
UHVROXWLRQVKRXOGEHDFFRUGLQJWRWKHUHVROXWLRQRIWKHH\HIURPWKHREVHUYHU¶VSRVLWLRQDQG
DWWKHREVHUYHU¶VYLHZLQJDQJOH7KLVPHDQVWKDWWKHDSSURSULDWHUHVROXWLRQFKDQJHVLIWKH
VXEMHFW LV ORRNLQJLQWRDQRWKHUGLUHFWLRQ7KHUHIRUH WKHKLJKO\UHVROYHG OXPLQDQFHSLFWXUH
RIWKHJODUHVRXUFHHJILJXUHUHVROXWLRQS[RUVUUHVSHFWLYHO\QHHGV
WREHGRZQVFDOHGFRUUHVSRQGLQJO\7KHGRZQVFDOLQJSURFHVVZDVGRQHLQWKUHHVWHSV
 'RZQVFDOLQJWKHSLFWXUHUHVROXWLRQDFFRUGLQJWRWKHYLVXDODFXLW\RIWKHKXPDQH\H
DWWKHUHOHYDQWYLHZLQJDQJOHRIWKHREVHUYHU>@
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 &XWWLQJWKHYHU\KLJKOXPLQDQFHYDOXHVDFFRUGLQJWRFRQHVDWXUDWLRQRIWKHKXPDQ
H\HGXHWRDGDSWLRQPHFKDQLVPV>@
 'RZQVFDOLQJWKHSLFWXUHUHVROXWLRQDFFRUGLQJWRVL]HRIWKHSHUFHSWLYHILHOGV VL]H
RIUHFHSWLYHILHOGVRIWKHKXPDQH\HDWWKHUHOHYDQWYLHZLQJDQJOHRIWKHREVHUYHU
>@
$IWHU GRZQVFDOLQJ WKH KLJKO\ UHVROYHG OXPLQDQFH SLFWXUH WKH OXPLQDQFH WKUHVKROGV
DFFRUGLQJ WR >@ FDQ EH FDOFXODWHG DQG WKH OXPLQRXV SDUWV RI WKH OXPLQDLUH FDQ EH
LGHQWLILHG $OWHUQDWLYHO\ WKH IL[HG OXPLQDQFH WKUHVKROG RI FGPð FDQ EH XVHG WR
GHWHUPLQH WKH OXPLQRXVHOHPHQWVRI WKHJODUHVRXUFH6XEVHTXHQWO\ WKH8*5YDOXHVRI
WKHFRQWLJXRus ‘glaring’ pixels can be calculated and finally aggregated into the UGR value 
RIWKHZKROHOXPLQDLUH,QRXUVWXG\ERWKWKHIL[HGDQGWKHDGDSWLYHOXPLQDQFHWKUHVKROG
PHWKRG JHQHUDWHG 8*5 YDOXHV ZKLFK FRUUHODWHG YHU\ ZHOO ZLWK WKH VXEMHFWLYH JODUH
DVVHVVPHQWV5ðDOZD\VJUHDWHUWKDQ
 'HWHUPLQDWLRQRIHIIHFWLYHOXPLQDQFHRIWKHJODUHVRXUFH
,Q RUGHU WR HVWLPDWH WKHDFWXDO OXPLQDQFH+$5$SURSRVHG D FRUUHFWLRQ IDFWRUZKLFK LV
PXOWLSOLHGZLWKWKHDYHUDJHOXPLQDQFHRIWKHJODUHVRXUFH>@7KLVFRUUHFWLRQIDFWRUFDQ
be calculated using the ‘uniformity’ of the glare source, which is defined as the average 
OXPLQDQFHRIJODUH VRXUFHGLYLGHGE\ WKHPD[LPXPSL[HO YDOXHRI WKHJODUH VRXUFH IURP
SHUSHQGLFXODUYLHZ>@7KHFRUUHFWLRQIDFWRULVFDOFXODWHGXVLQJHTXDWLRQ>@2IFRXUVH
IRUXQLIRUPJODUHVRXUFHVWKHFRUUHFWLRQIDFWRULVHTXDOWRRQH



,Qour study we compared the theoretical correction factor with the ‘subjective’ correction 
IDFWRU ZKLFK FDQ EH GHULYHG IURP WKH SV\FKRPHWULF JODUH DVVHVVPHQWV RI OLJKWLQJ
VLWXDWLRQVZLWKDXQLIRUPJODUHVRXUFH)LJXUHVXJJHVWVWKDWWKHFRUUHFWLRQIDFWRUPRGHO
XVLQJHTXDWLRQLVJRRGWRGHVFULEHGLVFRPIRUWJODUHHVSHFLDOO\ZKHQWKHVXEMHFWORRNV
GLUHFWO\LQWRWKHJODUHVRXUFHJUHHQVTXDUHV,IWKHJODUHVRXUFHLVLQWKHSHULSKHU\RIWKH
VXEMHFWVYLVXDOILHOGWKHFDOFXODWHG8*5YDOXHVWHQGWREHWRRFULWLFDO

)LJXUH6XEMHFWLYHFRUUHFWLRQIDFWRUYHUVXVFDOFXODWHGXQLIRUPLW\7KHEODFNGHVFHQGLQJOLQHUHSUHVHQWVWKH
WKHRUHWLFDOYDOXHVDFFRUGLQJWRHTXDWLRQ
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 'LVFXVVLRQ
$OOLQDOOERWKUHVHDUFKK\SRWKHVHVFRXOGEHYHULILHG7KHHIIHFWLYHOXPLQRXVDUHDPHWKRG
GHVFULEHG LQ WKLV SDSHU DSSHDUV EH DSSURSULDWH WR DVVHVV GLVFRPIRUW JODUH LQGRRU
HQYLURQPHQWVEHFDXVHWKHEHVWILWOLQHVDUHYHU\FORVHDQGKDYHYHU\KLJKFRHIILFLHQWVRI
GHWHUPLQDWLRQ 5ð!  2Q WKH RQH KDQG WKLV PHWKRG LV DGDSWHG IURP SK\VLRORJLFDO
SURSHUWLHVRIWKHKXPDQH\HZKLFKPDNHVLWVXLWDEOHWRGHVFULEHWKHµSHUFHLYHG¶UHVROXWLRQ
RIWKHH\H2QWKHRWKHUKDQGLWLVVWLOOTXLWHFRPSOLFDWHWRXVHDQGPD\EHVLPSOLILHGDELW
LQWKHIXWXUHIRUSUDFWLFDODSSOLFDWLRQV,QFRQWUDVWWKHFRUUHFWLRQIDFWRUDFFRUGLQJWR+$5$
LVYHU\HDV\WRXVHEXWLW LVVWLOODELWWRRFULWLFDOIRUPRVWOLJKWLQJDSSOLFDWLRQV(YHQWXDOO\
IRUWKLVSURFHGXUHWKHµDSSURSULDWH¶UHVROXWLRQRIWKHJODUHVRXUFHVWLOOQHHGVWREHGHILQHG
7KLV VWXG\ZDVVXSSRUWHGE\ WKH*HUPDQ)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK %0%)ZLWKLQ WKH
UHVHDUFK SURMHFW 81,/(' VXSSRUW FRGH 1 7KH DXWKRUV H[SUHVV WKHLU VLQFHUH JUDWLWXGH WR WKH
%0%)IRUIXQGLQJWKHVWXG\
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